Background In patients with stage II/III gastric cancer, tumors often recur even after curative D2 gastrectomy followed by adjuvant S-1 chemotherapy. The objective of this retrospective study was to clarify the prognostic factors in these patients that might be useful for future patients. Methods Overall survival (OS) was examined in 82 gastric cancer patients who underwent curative D2 surgery; were diagnosed with stage IIA, IIB, IIIA, IIIB, or IIIC pathologically; and received adjuvant S-1 after surgery between June 2002 and March 2010. Results When length of OS was evaluated by the log-rank test, significant differences were observed with regard to macroscopic tumor diameter and the depth of tumor invasion. A macroscopic tumor diameter [70 mm was regarded as a critical point of classification considering survival. Univariate and multivariate Cox's proportional hazard analyses demonstrated that macroscopic tumor diameter was the only significant independent prognosticator. The 5-year survival was 64.9% in patients with a macroscopic tumor diameter \70 mm, and 33.1% in patients with a macroscopic tumor diameter C70 mm (P = 0.022). Conclusions The macroscopic tumor diameter was the most important prognostic factor for survival in patients with stage II/III gastric cancer who underwent D2 gastrectomy followed by adjuvant S-1 chemotherapy. Prognostic factors can be affected by adjuvant chemotherapy.
Introduction
Every year, more than 934,000 people develop gastric cancer worldwide. Gastric cancer is the second most frequent cancer-related cause of death after lung cancer [1] . Complete resection is essential for the cure of gastric cancer. Stage IV cancers are unresectable, and these patients have a poor prognosis. Stage I cancers, in which the tumor is limited to T1N0-1 and T2N0, rarely develop a recurrence, and patients have an excellent prognosis. On the other hand, patients with stage II/III gastric cancer often develop tumor recurrence even after complete curative resection. Therefore, it is important to identify prognostic factors for patients with stage II and III gastric cancer in order to select patients for more aggressive treatment. Previously, lymph node metastasis [2, 3] and the depth of tumor invasion [4, 5] were reported to be significant prognostic factors that could be used to predict survival. However, these reports only analyzed patients who were treated with surgery alone or with surgery followed by adjuvant chemotherapy of unknown efficacy, because effective adjuvant chemotherapy had not been verified in these patients.
In 2007, the adjuvant chemotherapy trial of TS-1 for gastric cancer (ACTS-GC) trial demonstrated that S-1 was effective as adjuvant chemotherapy for Japanese patients who had undergone a D2 curative gastrectomy for locally advanced gastric cancer and had been diagnosed with pathological stage II or III disease [6] . Based on the ACTS-GC trial, S-1 adjuvant chemotherapy became the standard treatment for patients with stage II and III gastric cancer.
This trial suggested that S-1 could improve patient survival by inhibiting peritoneal metastases. Therefore, it seems that prognostic factors might be altered following effective S-1 adjuvant chemotherapy.
In this study, we investigated the prognostic factors for patients with stage II and III gastric cancer who underwent D2 gastrectomy followed by adjuvant chemotherapy with S-1.
Patients and methods

Patients
The patients were selected from the prospective database of the Kanagawa Cancer Center, Department of Gastrointestinal Surgery, Yokohama, Japan, according to the following criteria: (1) histologically proven gastric adenocarcinoma; (2) patients underwent a curative D2 resection for gastric cancer as a primary treatment between June 2002 and March 2010; (3) stage IIA, IIB, IIIA, IIIB, or IIIC disease was diagnosed pathologically according to the Japanese classification of gastric carcinoma 14th edition published by the Japanese Gastric Cancer Association [7] ; (4) patients received adjuvant S-1 chemotherapy after surgery at a starting dose of 80 mg/m 2 /day. Following the rule defined by the protocol of the ACTS-GC trial, patients received S-1 chemotherapy and were followed at outpatient clinics [6] . Written informed consent was obtained from each patient prior to treatment initiation. Survival data were obtained from hospital records or from the city registry system.
Measurement of tumor diameter
Tumor diameter was measured according to the Japanese classification of gastric carcinoma, 14th edition published by the Japanese Gastric Cancer Association [7] . The resected specimen was opened along the greater curvature to observe the mucosal surface clearly. The opened stomach was placed on a flat board, and the longest tumor diameter was measured and used in the analysis.
Evaluation and statistical analyses
The overall survival (OS) was evaluated by univariate and multivariate analyses. The survival curves were calculated using the Kaplan-Meier method and compared by the logrank test. Cox's proportional hazard model was used to perform univariate and multivariate survival analyses. A P value of \0.05 was defined to be statistically significant.
An SPSS software package (v11.0J Win; SPSS, Chicago, IL, USA) was used for all statistical analyses.
Results
A total of 240 patients underwent surgical resection and were diagnosed with stage IIA, IIB, IIIA, IIIB, or IIIC disease pathologically. Among them, 82 patients were eligible for the present study. All patients had received S-1 as the standard therapy after 2007, when the results of the ACTS-GC trial were presented, or as the test treatment in clinical trials of ACTS-GC or the stomach cancer adjuvant multi-institutional trial group (SAMIT) study. Patients who had received other chemotherapy in other clinical trials and those who did not receive adjuvant chemotherapy were excluded. The patients' ages ranged between 36 and 80 years (mean 62.0). Fifty-six patients were male, and 26 were female. The pathological stage was IIA in 1 patient, IIB in 23 patients, IIIA in 10 patients, IIIB in 23 patients, and IIIC in 25 patients. The median follow-up period was 24.2 months (range 2.8-76.5 months). The median duration of adjuvant S-1 administration was 7.6 months (range 0.2-34.8 months). The S-1 treatment was continued for 1-3 months in 74 patients, 3-6 months in 61 patients, and 6-12 months in 47 patients. Three patients continued treatment for more than 13 months at the patient's request. When OS, stratified by clinical factors, was compared by the log-rank test, a significant difference was observed in regard to macroscopic tumor diameter and the depth of tumor invasion (Table 1) . Lymph node metastasis was marginally significant. A macroscopic tumor diameter of 70 mm was regarded as the optimal critical point of classification, considering the 3-year survival rate, which was regarded as more reliable than the 5-year survival rate because median follow-up was only 24.2 months. Each clinicopathological factor was categorized, as shown in Table 2 , and was analyzed for prognostic significance. Univariate analyses for OS demonstrated that macroscopic tumor diameter was a significant prognostic factor, but that tumor depth and nodal metastasis were only marginally significant (Table 2 ). Macroscopic tumor diameter was selected for the final model to be analyzed by multivariate analysis ( Table 3 ). The 5-year survival was 64.9% in patients with a macroscopic tumor diameter \70 mm, and it was 33.1% in those with a macroscopic tumor diameter C70 mm (Fig. 1) .
Discussion
In this report, we first evaluated the potential prognostic factors in stage II/III gastric cancer patients who underwent D2 gastrectomy followed by adjuvant S-1 chemotherapy, and clarified that macroscopic tumor diameter was the most important prognostic factor, based on the hazard ratio and p values.
Some authors have reported the significance of the macroscopic tumor diameter in the prognosis of gastric cancer patients. For example, Kunisaki et al. [8] examined 1215 patients with gastric cancer and classified them into groups with smaller tumors and those with larger tumors, by setting 100 mm as the cutoff value for the maximal tumor diameter. They found that OS was markedly different between stage II/III patients with smaller and larger tumors. Saito et al. [9] evaluated 1473 patients with gastric cancer and divided them into two groups using a cutoff value of 80 mm for the tumor size. They found that the prognosis of patients with the large tumors was significantly worse than the prognosis for those with the small tumors. However, these reports only examined patients who had undergone surgery only, or those who had undergone surgery with adjuvant therapy of unproven efficacy. In the present study, evaluating patients who received S-1 adjuvant chemotherapy, we set the cutoff value for tumor size at 70 mm, considering the 3-year survival rate, and found that tumor size was a strong independent prognostic factor. The optimal cutoff value was different between the previous reports and the present one, which may be explained by the use of S-1 adjuvant chemotherapy in our study; by differences in the durations of the follow-up periods and the numbers of patients; and by inter-institutional variability. Previously, the depth of tumor invasion had been considered to be the key prognostic factor in gastric cancer patients who underwent curative resection [4, 5] . Several authors indicated that serosal invasion correlated with peritoneal recurrence and a poorer prognosis. In the ACTS-GC trial, the incidence of peritoneal recurrence was 11.2% in the S-1 group and 15.8% in the surgery-only group (P = 0.009) [6] . On the other hand, the incidence of hematogenous recurrence was 10.2% in the S-1 group and 11.3% in the surgery-only group. These results suggest that S-1 was more effective in reducing peritoneal recurrence than in reducing hematogenous recurrence. The depth of tumor invasion might no longer be a useful prognostic factor, because S-1 can reduce the incidence of peritoneal recurrence.
Lymph node metastasis has also been considered as a strong prognostic factor in gastric cancer patients [2, 3] . The ACTS-GC trial demonstrated that hazard ratios for death were better in N0 and N1 than in N2 patients. In the present study, nodal metastasis was found to be a marginally significant factor according to our univariate analysis, and it remained in the final model, but did not reach statistical significance by multivariate analysis. Our results suggest that nodal metastasis may be an inferior prognostic factor compared to the tumor size when the examination is limited to patients who receive S-1 chemotherapy. However, the marginal significance might become more important if the number of patients is increased or if there is longer-term follow-up.
There were many limitations in this study. First, this was a retrospective single-center study with a small sample size. Our findings in this series may have been observed by chance only. Second, the median follow-up period was only 24.2 months, which is not enough to lead to a definite conclusion. Third, the optimal tumor size cutoff value is unclear. In our study, the cutoff value was set at 70 mm by considering the 3-year survival rate. However, regardless of whether the cutoff value was 70, 80, or 90 mm, tumor size remained an independent significant prognosticator (data not shown). Thus, large tumors seemed to have a poor prognosis. An appropriate cutoff value should be determined in other validation studies. Fourth, the depth of tumor invasion and nodal metastasis had prognostic impact in the ACTS-GC study although the tumor size was not examined. When comparing the ACTS-GC trial and our present study, there are some differences in the backgrounds of the patients. The depth of invasion was deeper in the present study (pT4a, pT4b, 61/82; 74.3%) than in the ACTS-GC trial (pT4a, pT4b, 239/529; 45.1%). The incidence of nodal metastases was higher in the ACTS-GC trial (478/529; 90.4%) than in the present study (68/82; 82.9%), while that of TNM-N3 was higher in the present study (29/82; 35.%) than in the ACTS-GC trial (147/529; 27.8%). Because many patients in the present series received S-1 adjuvant chemotherapy as a test arm of the SAMIT trial (a 2 9 2 phase III trial for surgical serosapositive disease), the incidence of T4a and N3 may be high in this series. Also, differences in background factors could affect prognosticators in stage II/III disease. Considering these limitations, our results should be validated in different series with large sample sizes and sufficient followup periods.
In conclusion, the macroscopic tumor diameter was found to be the only significant independent prognostic factor in patients who underwent D2 gastrectomy followed by adjuvant S-1 chemotherapy. Therefore, it appears that the value of prognostic factors can be altered by the use of effective adjuvant chemotherapy. 
